Testing options for pregnant women at increased risk of common aneuploidies are non-invasive prenatal testing (NIPT) and invasive prenatal diagnosis (PND). Clinicians are challenged to comprehensively discuss the complex information in a patient-centered and non-directive manner, to allow for patients' informed decision-making. This study explored the information-centeredness, patient-centeredness, and level of non-directivity of different clinicians and examined group differences between their patients. First, semi-structured interviews with four senior obstetricians and one senior nurse were held regarding their information provision, their adaptation of a patient-centered attitude, and their practice of nondirectivity. Interviews were transcribed verbatim and rated by four independent researchers. Secondly, 181 pregnant women were included in the study, of whom 82% opted for NIPT and 18% chose PND. Between clinicians, we assessed the distribution of choice ratios, patients' impression of clinicians' test preferences, and patients' knowledge scores. The results indicate that clinicians do not differ in their information-centeredness, but do differ in their patient-centeredness and their level of non-directivity. Significant differences in patients' NIPT/PND ratios were observed between clinicians, with the largest difference being 35 vs. 4% opting for invasive PND. Between 9 and 22% of the patients had an impression of their clinician's preference and chose in accordance with this preference. Patients' overall knowledge scores did not differ across clinicians. In conclusion, the differences in NIPT/PND ratios between clinicians indicate that clinicians' differing counseling approaches affect the choices their patients make. The interviews indicate a possible framing effect which may unintentionally steer the decision-making process.
Introduction
Because of recent developments in prenatal genetic testing, more testing options have become available for pregnant women. Women with an abnormal first trimester screening (FTS) result need to make important decisions about how they wish to proceed in their prenatal care. As of now, pregnant women in the Netherlands have three options: (1) no further testing, (2) invasive prenatal diagnosis (PND), and (3) non-invasive prenatal testing (NIPT), as depicted in Fig. 1 .
The primary goal of pre-test counseling is to enable the pregnant woman and her partner to make an informed choice and to give informed consent for either NIPT or invasive PND, or refrain from further testing. The eventual decision should reflect the principles of informed choice and is based on relevant knowledge, consistent with the couple's values, and behaviorally implemented, i.e., the decision must be documented and when requested a test must be performed [1] . During pre-test counseling, information is provided about the benefits and limitations of both NIPT and invasive PND, as well as the potential to detect findings other than the indication for testing.
Besides informing pregnant women and their partners, the clinician should address individual attributes of the patient, such as emotions and resilience [2] . A focus on patient-centeredness in prenatal counseling is expected to lead to more well-deliberated choices and less psychological distress for patients [3, 4] . Kessler [5] has differentiated between the teaching model and the counseling model. Whereas the teaching model aims for educated patients, the counseling model aims for patients to feel understood, in control, and competent. These outcomes are desirable, but also require a much broader set of counseling skills. The clinician should then not only inform, but should also elicit information from patients about their needs and use this information to guide the counseling session [5, 6] .
Genetic counseling traditionally implies a non-directive attitude. According to Kessler [7] , non-directive counseling aims to facilitate patients to think about their options, which is different from directive counseling, aiming to prescribe and influence the patients' behavior. While directive counseling involves persuasive coercion, thereby targeting the decision outcome, non-directive counseling promotes the patient's autonomy and self-directedness, so that the decision-making process is optimized [5, 6] .
A recent Dutch study demonstrated that nationwide, about 3% of pregnant women with an increased FTS result chose invasive prenatal testing while about 97% chose NIPT [8] . At the Erasmus Medical Center in the Netherlands, nearly 20% of the pregnant women opted for invasive PND while around 80% chose NIPT [9] . The difference in choice ratio may be explained by this center's different policy regarding invasive prenatal testing. Whereas other academic centers in the Netherlands perform quantitative fluorescence-polymerase chain reaction (QF-PCR) on fetal DNA to examine chromosomes 13, 18 and 21, here, high resolution SNP array at 0. 5 Mb is performed to analyze all chromosomes at a submicroscopic level [10] . This microarray provides much more detailed information on additional chromosomal aberrations.
The increasing scope of possible findings provided by SNP array and NIPT may jeopardize sound prenatal genetic counseling [11] . As the complexity of genetic counseling increases, it may become demanding for pregnant women and their partners to understand the test characteristics and implications [12] [13] [14] . Subsequently, the informed decisionmaking process of pregnant women and their partners requires more extensive pre-test counseling.
The higher invasive PND uptake rate at the Erasmus Medical Center compared to other academic centers, and the even more challenging task of clinicians to comprehensively discuss the different testing options and test outcomes of PND with their patients, increases the need to explore the approach of the different clinicians in this center and the content of their prenatal genetic counseling. Therefore, we explored the information-centeredness, patient-centeredness, and level of non-directivity of different clinicians by means of semi-structured interviews. We used data analysis to compare the ratio of patients' choices for either NIPT or invasive PND between clinicians and we examined whether patients had an impression of their clinicians' preferences. Finally, we assessed whether there were group differences in patients' knowledge scores between clinicians.
Subjects and methods
In this study, qualitative and quantitative data were collected. Qualitative data about clinician characteristics were obtained by semi-structured interviews. Quantitative data about group differences between patients of different clinicians were obtained from previously collected data [9] .
Qualitative data
Clinicians working at the Erasmus University Medical Center in Rotterdam who provided counseling to more than 15 patients in an earlier study [9] were eligible for the qualitative interview study (N = 5). All five clinicians had senior positions, with 15+ years of experience in the prenatal genetic testing field. One clinician was a senior nurse, the other four clinicians were senior gynecologists/obstetricians. The senior obstetricians performed chorionic villus sampling and amniocentesis themselves, whereas the senior nurse did not. The age range of clinicians was 42-51 years. Two clinicians were men and three were women. All clinicians were familiar with providing counseling for invasive PND, and when NIPT was introduced in the Netherlands, they were formally trained in a Dutch national program about offering this choice alongside invasive PND as part of the Trial by Dutch laboratories for Evaluation of Noninvasive Prenatal Testing (TRIDENT). A 30 min counseling was provided to pregnant women who had an increased risk based on FTS and who subsequently had to choose between no further testing, NIPT, and invasive prenatal testing. In total, 185 pregnant women were randomly assigned to the clinicians in this study. Four women refrained from further testing and since we were interested in test choice, these women were excluded for further analyses. The number of patients counseled by clinicians 1 to 5 were respectively 49, 71, 23, 15, and 23. Clinicians participated in semistructured interviews held by two researchers (SS and DH). The clinicians and some of the researchers (SS; SR) knew each other and had worked together before. These professional relationships formed a basis of mutual trust, which ensured that the clinicians were willing to participate and discussed their profession in an open and honest way. The interviews focused on three important themes of prenatal genetic counseling, as previously described in the introduction: (1) information-centeredness, (2) patient-centeredness, and (3) non-directivity.
First, the clinicians were asked how and to what extent they inform pregnant women and their partners about the choice between NIPT and invasive PND (information-centeredness), i.e., the different choice options, goals and methods of testing, test characteristics and limitations, riskcommunication, turnaround time of results, and possible outcomes and implications. Veach et al. [2] stated that 'presentation and discussion of relevant information allows patients to gain improved understanding and develop a new or different perspective'. Second, it was explored how and to what extent the clinician addresses the pregnant women's and their partners' thoughts, feelings, values, family dynamics, and psychosocial context and promotes emotional well-being by giving support, validation, and assistance with coping; patient-centeredness [2] . The balance between patient-centeredness and information centeredness was discussed. Third, it was explored to what degree clinicians adopted the concept of non-directivity in their counseling. In the exploration of this concept, directiveness and nondirectiveness were not used as categorical opposites, but rather as extremes on a continuum related to the level of patient autonomy [15] . Clinicians elaborated on the existence and definition of non-directivity and on how this concept was implemented in their counseling. We asked clinicians whether at times they were inclined to provide directive advice about the best option for the patient and whether clinicians had a personal preference towards a specific test.
To illustrate clinician characteristics scores, we have selected several quotes from each clinician regarding his/her level of information-centeredness, patient-centeredness, and non-directivity. Although these quotes are fragments of the answers clinicians gave during the interviews, we consider them to be typical of the clinician's approach.
Qualitative analysis
The interviews were conducted in Dutch and transcribed verbatim. Transcripts were anonymized for researchers SR and AT. The transcriptions of the interviews were scored by four independent researchers (SS; DH; SR; AT). Using a five-point Likert scale, the researchers each formed an individual evaluation of the clinicians' level of informationcenteredness (1 = very low to 5 = very high), patientcenteredness (1 = very low to 5 = very high), and the degree of non-directivity (1 = fully directive, i.e., low patient autonomy to 5 = fully non-directive, i.e., high patient autonomy). Four researchers rated the five clinicians on three categories, resulting in 15 ratings per researcher. More than two points difference between researchers' ratings was regarded as substantial, and a consensus meeting was held to discuss these differences. Subsequently, researchers could adjust their individual scores, eliminating these substantial differences. After adjustment of the scores, for each clinician, the mean score on each of the three concepts was calculated. Finally, for all 15 sets of four ratings we calculated both the percentage absolute agreement between researchers and the percentage of ratings with not more than one point difference (on the five-point scale) between researchers.
Quantitative data
Pregnant women and their partners who visited the outpatient clinic of prenatal medicine in the Erasmus Medical Center, University Medical Center Rotterdam, between April 2014 and November 2015 were invited to participate in a study [9] measuring informed choice in patients opting between NIPT and invasive PND. When the pregnant women agreed to participate, an informed consent form was signed. The local Medical Ethical Committee (METC) exempted this study (number: MEC-2013-314). For the present paper, we made use of the same data, however, we compared patients scores between clinicians instead of between test choice.
Inclusion criteria for the patients were: (a) an elevated risk on common aneuploidies based on first-trimester screening and (b) engaging in either NIPT or invasive PND. Exclusion criteria were: (1) a recurrence risk for trisomies based on earlier pregnancies or heredity, (2) a fetal nuchal translucency > 3.5 mm, (3) ultrasound abnormalities, and (4) patients who were counseled in satellite hospitals in the South-West region of the Netherlands. One hundred and eighty-one pregnant women were included in the study.
Consenting participants completed a questionnaire after counseling that assessed: (1) their choice for either NIPT or PND, (2) their impression of the clinician's preference, and (3) their level of knowledge. The Dutch version of the StateTrait Anxiety Inventory (STAI) [16] was used to assess anxiety symptoms. FTS results were reported. Social demographic background, level of education, nationality, age, religiosity, and obstetric history were collected. The ratios of patient's choices for either NIPT or invasive PND between clinicians were computed. Whether the patients had an impression of the clinician's own preference for either NIPT or invasive PND was measured by one item ('I feel like the choice I made had the doctor's preference'), answered on a 10-point visual analogue scale. We were especially interested in the distribution of high scores per clinician, indicating that the patient followed a clearly expressed preference of the clinician. Therefore, we reported scores > 8 on this item per clinician. The measure of informed choice (MIC) was part of the questionnaire and previously designed to assess the level of informed decision-making after pre-test counseling [9] . The MIC consists of two scales; knowledge (with a reliability of α = 0.55 (ref. 
Quantitative analysis
To analyze the data, the multiple-choice answers of the MIC knowledge scale were dichotomized, where '0' represented an incorrect answer and '1' a correct answer. Sufficient knowledge was determined to be seven (7/9 = 77.8%) or more correct answers on the MIC knowledge scale. We chose such a conservative criterion because we place great priority on thorough and extensive provision of information during counseling. Chi square tests were used to test differences in patients' total knowledge scores between clinicians on the MIC knowledge scale. To evaluate the differences on individual items of the MIC between clinicians, McNemar tests were conducted. Paired samples t-tests were used to investigate the differences in total knowledge score of patients between clinicians. Chi square tests were used to test differences in the uptake ratio of NIPT or PND between clinicians and to test for differences in patient characteristics between clinicians. For all statistical tests, a significance level of α = 0.05 was used.
Results

Clinician characteristics
The mean scores on the themes of level of informationcenteredness, patient-centeredness, and non-directivity per clinician are displayed in Table 1 . The average percentage of absolute agreement between researchers was 61.7% (Min = 50%, Max = 100%) and the percentage of ratings with not more than one point difference between researchers was 83.3% (Min = 75%, Max = 100%). Clinicians do not differ in their level of information-centeredness, but do differ in their level of patient-centeredness and their level of non-directivity. Figure 2 shows interview findings and quotes to illustrate and support the findings in this paper.
Patients' group differences
Demographics
The mean age of patients was 34.6 years. Between patients of different clinicians, there were no significant differences in demographic variables, except for religiosity, and having previous children (as depicted in Table 2 ); 83% of patients from clinician 5 did not have previous children, while the other clinicians more often saw patients that did already have children, and 40% of the patients from clinician 4 were religious, vs. 4% of the patients from clinician 3. Between clinicians, patient groups did also not differ regarding their anxiety symptoms, which were elevated for all women, and their FTS results (depicted as risk denominators).
Choice ratios
Patients' choices for either NIPT or PND differed significantly between clinicians (χ² (4) = 11.98, p = 0.017). The largest difference was found between clinician 2 and clinician 5, being 35 vs. 4% opting for invasive PND, as depicted in Fig. 3 . 
Patients' impression of clinician preference
The mean and median scores of the question 'I feel like the choice I made had the doctor's preference' are displayed between clinicians in Table 3 . Table 3 also depicts the percentage of patients for each clinician who indicated they had an impression of their clinician's preference. Between 9 and 22% of the patients had an indication of the clinician's preference and chose in accord with perceived clinician preference.
Patients' knowledge scores
Patients' mean knowledge scores were high. Most pregnant women and their partners answered all questions correct and displayed good testing knowledge. Knowledge scores did not differ across clinicians. However, patients' individual item scores of either NIPT or PND questions differed significantly across clinicians, as depicted in Table 4 . 
Discussion
Prenatal genetic counseling has become increasingly demanding due to the more complex information resulting from technological progress. Consequently, for pregnant women and their partners, the decision-making process may be under more pressure than ever before. Such pressure requires thorough, high quality counseling. Assuming all clinicians commit to the recommendations made by the Dutch Health Council [17] in their counseling, overall uptake ratios and the clinicians' views on the content and approach of their counseling should be approximately equal in the grand total. All clinicians in our study provide and discuss the relevant information that is necessary to meet the first requirement of informed decision-making, which was validated by the high knowledge scores of pregnant women. However, in this study we found differences between clinicians in their patient-centeredness, level of non-directivity, and the test uptake of patients. Regarding patient-centeredness, some clinicians stated that they actively explore the patient's values and attitudes, whereas others were less inclined to address the patient's feelings and cognitions about the test options of NIPT and invasive PND (as illustrated by the quotes). The patientclinician relationship (e.g., affective communication, collaboration, goal consensus, positive regard) accounts for a substantial part of the psychological outcomes in a prenatal care trajectory [2, [18] [19] [20] . We therefore consider this theme to be of great importance. Providing space for patients to share their considerations and thoughts leads to a greater level of perceived patient-centeredness [2] . It is important for clinicians to provide guidance by eliciting information from their patients about their needs and by asking questions about their values and attitudes. Individual differences require clinicians to adjust, i.e., personalize, their counseling.
Regarding how clinicians valued non-directivity, we observed differences between clinicians, as indicated by their quotes. Although the concept of (non)directivity has been used for more than four decades, there is still no consensus about the definition of directiveness and nondirectiveness. Kessler [5, 7] has argued that not being directive is not the same as being non-directive. He states that being directive involves a degree of persuasive coercion. However, the absence of persuasive coercion does not imply non-directivity. Non-directiveness is an active strategy that requires counseling skills that aim to support the patient's autonomy and self-directedness and provides them with a way of thinking about their considerations. According to Evans [21] , a misunderstanding of the concept of nondirectivity may lead the clinician to adopt a stance of passivity or defensive avoidance rather than engaged neutrality.
Moreover, clinicians might be unaware of their directiveness [5] . In our study, clinicians' quotes show that a framing effect may implicitly be present in their counseling, for example when they spend more time discussing one test than discussing the other. Differences in risk communication also become apparent from the interview quotes. Some clinicians frame their information by using words such as "negligible", "only 1/1000", and "extremely small" when communicating the miscarriage risk. Other clinicians make it much more personal by stating that 'the risk is small, but when it happens, it is a great tragedy'.
Furthermore, all clinicians are about the same age (42-51 years) and have been active in their profession for a long time. Table 4 Mean MIC Knowledge scores between clinicians. Significant differences on NIPT or invasive PND questions answered correct were observed between clinicians and marked with *
Item
Total N = 181 Note: For each item 0 = incorrect and 1 = correct. The range of the total score is 0 to 9. *Significant difference
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Offering a choice between NIPT and invasive PND in prenatal genetic counseling: the impact of clinician. . .
For them, invasive testing has been the standard of prenatal genetic testing for years. This may lead some of them to describe invasive PND as such, while the testing options of either NIPT or PND are essentially different, since they have been designed for different purposes; invasive PND is a diagnostic test, while NIPT is a screening test. Clinicians also indicated that a substantial number of patients already have a strong preference for NIPT when they enter the counseling.
As the clinicians reported, the information that is provided to them by primary or secondary care is often framed, shaped, or even incorrect in favor of NIPT. A skewed level of prior knowledge may motivate some clinicians to elaborate more on both test options and to balance the knowledge of their patients. However, other clinicians may become demotivated, as they feel like they are repeatedly making up for other referrers' misconceptions. These matters of word choice and non-verbal communication may unintentionally steer the decision-making process of patients, which is hard to prevent. However, this framing effect may be counterbalanced by skillful counseling. As a final remark, there are important individual and cultural differences among patients that may complicate the adoption of a non-directive attitude [22] . When facing such a clinical, statistical, and emotional complex decision, it may be that while some patients are self-directive and prefer to optimize their choice-relevant knowledge to make the most informed decision possible, others feel overwhelmed and are more inclined to rely on the clinicians expertise, consciously or unconsciously handing over the responsibility for their decision. Corresponding to these individual differences, patients may need different levels of (non-) directiveness from their clinician [23] .
Clinicians in our study differed in the percentage of their patients opting for invasive PND and NIPT. Moreover, there was a group of patients who had an impression of their clinician's preference for either test. The unique offer of high resolution microarray may incline the clinicians to guide their patients towards opting for invasive PND. The finding that nearly 20% of pregnant women opted for invasive PND in Erasmus Medical Center, compared to about 3% nationwide, may indicate such a tendency. However, there are also contradictory data suggesting that the difference in uptake cannot be explained by the unique offer. These data were retrieved from non-academic centers in the region that offered the same high resolution SNP array to their patients by sending their genetic material to the Erasmus Medical Center's lab for chromosomal examination at submicroscopic level [9] . Remarkably, none of these pregnant women who were offered the same options as in Erasmus Medical Center chose invasive PND [9] . Whether the impression of the clinician's preference had influenced the pregnant woman's eventual decision needs to be further investigated. It may well be that the patient has made an informed choice and has the same preference for testing as the clinician. Furthermore, the perceived preference of the clinician may rather be an indication of shared decision-making and personalized counseling, than of undesired influence and directivity [24] .
This study gave a first exploration of how clinicians' differing approaches affect patients' choice. We combined both qualitative data from the interviews with clinicians and quantitative data of patients. Although we found differences in patient-centeredness and non-directivity between clinicians, we were unable to link these differences to differences in patients' test uptake. It is possible that some of the differences in patient decisions may simply reflect differences in sample sizes. Clinician 2 saw more patients than clinicians 3, 4, and 5 combined. Demographic data showed that clinician 5 counseled the most patients with no previous children and also had the highest proportion of people opting for NIPT. This finding may reflect this group's reluctance to put a first pregnancy at risk of miscarriage. Another explanation for why we were unable to link clinician differences to patients' test uptake, may be that the differences in clinician characteristics are too subtle to identify a clear pattern related to patients' choice based on a limited number of clinicians. Also, clinicians' answers may have been subjected to what they thought was socially desirable. Another limitation of this study is the subjective scoring of clinician characteristics by the researchers. Since some of the researchers (SS; SR) know the clinicians and are on good terms with each other, they may have rated them more positively. However, scorings were not exclusively positive and varied considerably between researchers. Most importantly, without creating this safe environment for the counselors, they maybe would have been reluctant to participate and their answers would have been even more socially desirable.
We suggest that further research finds a way to study the actual counseling provided by means of analyzing recorded counseling sessions in a larger, more powerful research design, to gain more insight into clinicians' approach and content. Also, given the higher invasive PND uptake rate in the Erasmus Medical Center compared to other academic centers, it would be interesting to compare clinician approach and counseling content between different academic centers and/or hospitals.
Implications
Clinicians differed in their prenatal genetic counseling approach and content. Our results indicate that the information provision during counseling is sufficient. Patientcenteredness differs between clinicians and may be improved by putting more emphasis on exploring patients' meaning and personal significance during the counseling. We advocate that this theme should be elicited in training modules for clinicians. Another important theme to emphasize during training modules is the paradigm of non-directivity. The understanding of this concept should shift from emphasizing what clinicians should not do, i.e., persuasive coercion and giving advice, possibly inducing passivity, to what they should do, i.e., promoting patient's autonomy and selfdirectedness by aiming for patients to feel understood, in control, and competent. The latter involves an active attitude and requires more counseling skills.
Conclusion
To conclude, patients' choice ratio for either NIPT or invasive PND differed significantly between clinicians. In our study, clinicians seem to influence the choices their patients make by means of their counseling approach and content. It is important that clinicians reflect on their potential impact on the patients' decision-making process. A framing effect may unintentionally steer the decision-making process of patients, which is hard to prevent. The challenge remains to affect the decision-making process in the most positive and skillful manner; to facilitate well-deliberated and informed choices, to determine the counseling needs of pregnant women and their partners, and to promote autonomy and self-directedness.
